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Abstract

The article considers the influence of 5-30 wt.% dispersed (50-100 um) AIMnCrVZrCuMgW alloy rapidly
quenched from the liquid state on the wear resistance of ultra-high-molecular-weight polyethylene under different
operating conditions. In particular, we studied the behaviour of the metal-polymer composite under the action of
rigidly fixed abrasive particles and friction conditions without lubrication according to the “disk-pad” scheme.
This simulates real operating conditions in tribological joints of mechanisms of modern machinery. The results of
experimental studies showed that introducing the rapidly quenched AIMnCrVZrCuMgW alloy into the
composition of the polymer material contributes to a significant improvement in its wear resistance in different
modes. Thus, the abrasive wear index decreases 1,7 times compared to pure ultra-high-molecular-weight
polyethylene. And the intensity of linear wear decreases more than 13 times. The maximum effect was achieved
at an alloy content of 20 wt.%. This occurs because of the effective ratio of intermolecular interaction of the
components and the uniform distribution of the filler in the polymer volume. The increase in wear resistance is
due to the increase in the resistance of the ultra-high-molecular-weight polyethylene surface to mechanical stress.
This is confirmed by an increase in the hardness of the material by 1,46 times. Morphological analysis of the
friction surfaces revealed a decrease in the number and depth of the ploughing grooves, which is additional
confirmation of the effective action of the AIMnCrVZrCuMgW rapidly quenched alloy as a strengthening phase.

Keywords: ultra-high-molecular-weight polyethylene, rapidly quenched alloy, abrasive wear index, linear
wear intensity

Introduction

In the constantly complicated operating conditions of mechanisms and equipment of modern machinery,
increasing the wear resistance of parts of structural (protection of header bottoms, bearing housings, scrapers) and
tribotechnical (sliding bearings, gears) purpose is of particular importance. This directly affects their reliability
and durability. This is because traditional materials, particularly metals and alloys, are gradually losing their
versatility due to several limitations, including susceptibility to corrosion, large mass, scarcity of raw materials
and increasing cost of mechanical processing. This necessitates the search for alternative materials that would meet
modern operational requirements and simultaneously be economically feasible. One of the effective solutions to
this problem is the creation of polymer composite materials (PCMs) based on thermoplastic polymers filled with
effective functional dispersed fillers (FLs). Such materials are characterized by high wear resistance, in particular
in conditions of limited or complete absence of lubrication, as well as excellent resistance to X-ray and ultraviolet
radiation, corrosion, moisture, and the action of aggressive media (acids, salts, organic solvents and alkalis). In
addition, PCMs allow for the implementation of fast technological cycles of forming products without welding or
mechanical joining being needed [1,2].

One of the commonly used polymers in the composition of PCMs is ultra-high-molecular-weight
polyethylene (UHMWPE). This is due to its high-performance properties such as resistance to dynamic and fatigue
loads. The use of functional dispersed FLs, in particular ordinary and oxidized graphite, hexagonal boron nitride
[3, 4], graphene oxides, aluminium, zinc and zirconium [5, 6], molybdenum disulfide [7], carbon black [8], allows
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obtaining PCMs with increased wear resistance, hardness, impact strength, and a low coefficient of friction.
Significant interest among dispersed fillers is caused by rapidly quenched (r.q.) alloys based on aluminium. This
is explained by the fact that their ultrafine-grained structure, which is formed during rapid cooling, contributes to
obtaining fillers with high physical and mechanical properties. Given the above, searching for new PCM
compositions based on UHMWPE remains an urgent task in materials science.

The purpose of the work

Taking into account the above, this study focuses on investigating how a powder filler — an alloy
composed of AIMnCrVZrCuMgW — affects the tribological performance of polymer composite materials based
on UHMWPE, with the objective of enhancing their wear resistance under different frictional conditions.

Objects and methods of research

UHMWPE of Jiujiang Zhongke Xinxing New Material Co., Ltd. [9] was chosen as a matrix for wear-
resistant polymer composites. We chose dispersed (40-100 um) r. q. eight-component AIMnCrVZrCuMgW alloy
(Table 1) as the FL when creating new samples of metal-polymer composites (MPCs). This r. q. alloy is
characterized by high wear resistance and hardness, thermal stability, and chemical inertness. These properties are
due to the high level of microstresses in the crystalline fcc lattice of the aluminium-based substitution solid
solution. They arise due to a significant difference in the atomic radii of aluminium and other alloying elements
(Table 1). This makes the specified alloy an effective FL for creating MPC with high functional properties.

The production of UHMWPE samples and MPCs with a 5-30 wt.% alloy content was performed by the
compression pressing method according to the regime given in [9]. The theoretical density of the
AIMnCrVZrCuMgW alloy was calculated by the following formula to obtain samples of the required shape:

Pen =Xy"PyH X P+ Xy Py

where x;, is a mass percentage of metal in aluminium;
pn is a tabular density (g/cm3) of this metal (Table 1).

Table 1
Composition and properties of the components of the AIMnCrVZrCuMgW alloy
Chemical Content, wt.% Atomic radius, pm Density, g/cm’
element

Al 87,6 142 2,70

Mn 6,0 127 7,21

Cr 2,0 128 7,19

\Y 0,3 134 6,11

Zr 0,6 160 6,52

Cu 0,4 128 8,96
Mg 2,8 160 1,74

W 0,3 139 19,25

The average density of the alloy was 3.14 g/cm?®. The abrasive wear index for rigidly fixed abrasive particles
(at a dispersion of 100 um) was determined using the HECKERT experimental device at a constant load of 10 N.
The study of the tribological properties of UHMWPE and MPCs based on it under friction conditions without
lubrication was performed in rotational motion (v=380 rpm) according to the “disk-pad” scheme in a pair with a
steel cylindrical counterbody (steel 45, 925 mm, hardness 45-48 HRC and surface roughness R,=0.32 pum) at a
constant sliding speed of 1.0 m/s and a load of 1.0 MPa on the SMC-2 friction machine. The hardness of UHMWPE
and MPCs on the Rockwell HRR scale (pre- and total load were 98.1 N and 588.4 N, respectively) was determined
using the 2074 TPR instrument. Morphological analysis of the friction surfaces of samples from UHMWPE and
MPCs was performed using a BIOLAM-M optical microscope. Measurement of the surface roughness of the
samples after friction (R. scale, um) was done using a 170621 probe profilometer.

Results analysis and discussion

In the course of research, we found that the new compositions of the MPCs are characterized by greater
wear resistance compared to the UHMWPE (see Table 2). It is 1.7 times higher in the case of abrasive wear on
rigidly fixed particles, and 13.2 times greater in the case of friction without lubrication according to the "disk-pad"
scheme. The increase in wear resistance is because of the rise in the resistance of the MPCs to mechanical loads
[9], which is confirmed by the increase in the hardness of the material and the decrease in the roughness of its
surface after testing by 1.46 times [9].
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Table 2
Operational properties of UHMWPE and MPCs based on it
FL Abrasion Intensity of Hardness . Roughness™* Ra, jim _—
content, index*, linear wear **, HRR, under the influence of under friction
wt.% Vi, mms/m I,-107 HaFdness rigidly fixed abrasive conditions without
’ units*** particles lubrication

0 1,48 15,8 32 2,78 2,14

5 1,40 10,6 35 2,53 2,02

10 1,31 6,2 39 2,35 1,89

15 1,22 2,7 43 2,13 1,75

20 0,86 1,2 47 1,92 1,63

25 1,06 3,1 45 2,16 1,77

30 1,14 5,5 40 2,43 1,82

*average of three study cycles
**average of three experiments
***average of 12 measurements

It should be noted that with an increase in the number of test cycles (Fig. 1), a decrease in the abrasive wear
index is observed for both UHMWPE and MPCs based on it. This is explained by the gradual filling of the micro-
irregularities of the abrasive surface with finely dispersed wear products, which leads to the effect of the so-called
"greasing" of the surface.

A comparison of the morphology of the friction surfaces (Fig. 2) under different operating conditions
showed that the MPCs have a more homogeneous and less damaged surface compared to pure UHMWPE. In
particular, we observe a decrease in the number of deep grooves and microcracks on the friction surface of the
composite with an effective FL content of 20 wt.%, which indicates higher resistance to mechanical wear. There
are signs of intense plastic deformation and destruction of the structure because of friction on the surface of pure
UHMWPE under friction conditions without lubrication, in contrast to the MPCs [10].
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Fig. 1. Dependence of the abrasive wear index (Vi, mm?3/m) of ultra-high-molecular-weight polyethylene and MPCs
based on it on the number of study cycles
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Fig.2. Friction surfaces (x200) of pure UHMWPE (a) and MPC (b) based on it, containing 20 wt.% FL in different
operating modes: under the action of rigidly fixed abrasive particles (1) and under friction conditions without
lubrication according to the “disk — pad” scheme

It is worth noting that there is a decrease in the wear of the MPCs in the filling range of 5-20 wt.%. This is
due to the uniform distribution of FL in the UHMWPE. However, with a further increase in the alloy content to
25-30 wt.%, there is a reverse trend, and the wear resistance decreases. This may occur because aggregates of filler
particles form, the homogeneity of the MCP structure is disrupted, and the stress concentrators appear due to the
above [11]. As for the friction coefficient, its average 15% increase was recorded, which is typical for composites
with a metal FL.

Conclusions

It was found that the introduction of 5-30 wt.% AIMnCrVZrCuMgW alloy contributed to an increase in the
wear resistance of the UHMWPE during abrasive wear on rigidly fixed particles by 1.7 times, and by 13.2 times
under friction conditions without lubrication according to the "disk-pad" scheme, reaching minimum values at 20
wt.% FL. We recommend using a composite with an effective FL content of 20 wt.% for the manufacture of parts
of structural (protection of the bottoms of headers, bearing housings, scrapers) and tribotechnical (sliding bearings,
gears) purpose of elements of mechanisms and equipment of modern machinery.
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Tomina A-M.B., SxoBenko /[.B., bameB B.®., ToaxoBko C.I. JlochmimKeHHS BIUINBY
IIBUIKO3aTapTOBAHOTO aJTIOMIHIEBOTO CIUTABY Ha 3HOCOCTIHKICTh HAJBUCOKOMOJICKYIIIPHOTO TOTiCTHIICHY

VY crarti po3misHyTo BIUIMB aucrepcHoro (50-100 MKM) HIBUAKO3arapTOBAaHOTO 3 PIAMHM CIUIABY
AIMnCrVZrCuMgW vy kimbkocti 5-30 mMac.% Ha 3HOCOCTIMKICTh HaJBHCOKOMOJICKYJSIPHOTO TOJICTHUIICHY 3a
PI3HMX pEXHUMIB eKcIulyaralii. 30Kkpema, IOCITIPKEHO MOBEAIHKY METaJONOJIIMEPHOr0 KOMIIO3UTY Mij €0
JKOPCTKO 3aKpPIIUIEHUX YaCTOK aOpa3uBYy, a TAKOXK B yMOBAx TEPTsl 0€3 3MallleHHs 33 CXEMOIO «IHCK — KOJIOJKAY,
110 MOJIEJIIOE PeabHi YMOBH €KCIUTyaTallil y TpHOOJOTIUYHUX 3’ €THAHHAX MAIIKH 1 MEXaHI3MIB Cy4acHOI TEXHIKH.
PesynpraTi eKCHEpHMEHTANBHUX JOCII/DKEHb II0Ka3aly, [0 BBEJICHHS HIBHIKO3arapTOBAHOTO CIIIABY
AIMnCrVZrCuMgW 1o ckiagy nogiMepHOTO MaTepiaiy CIpHs€e iCTOTHOMY IOKPAIIeHHIO HOTo 3HOCOCTIHKOCTI
y pi3HHX pexuMmax. Tak, MOKa3HHUK aOpa3sWBHOTO CTHUPaHHS 3MEHIIYeThcs y 1,7 pasu NMOPIBHAHO 3 YHCTUM
HA/IBUCOKOMOJICKYJISIPHUM TOJIIETHIICHOM, a IHTEHCHBHICTB JIIHIHHOTO 3HOIIYBaHHS — OimbIn HiXK y 13 pa3sis.
MaxkcnumanbHOTo e(eKTy HOCATHYTO pH BMIcTi ciuaBy 20 mac.%, 110 3yMOBIICHO €()eKTHBHUM CIIiBBITHOIICHHIM
MDKMOJIEKYJISIPHOI B3a€MOJIii KOMITIOHEHTIB 1 PIBHOMIPHHUM pO3IIOJLIOM HAIOBHIOBaYa B 00’eMi ToiimMepy.
[TinBuUILEHHS 3HOCOCTIIIKOCTI 00YMOBIIEHO 3DOCTaHHSIM OIIOPY IMOBEPXHI HAJIBUCOKOMOJIEKYJISIPHOTO TOJIIETHIICHY
JI0 MEXaHIYHOTO HABAaHTAXKCHHS, IO IATBEP/PKYETHCS 30UIBIICHHSIM TBEpmocTi Mmatepiany y 1,46 pasw.
Mopdosnoriynuii aHasi3 MOBEPXOHb TEPTS BUSIBHUB 3MEHILEHHS KIJIBKOCTI Ta TIMOMHU OOPO3eH IPOOPIOBAHHS, 110
JIOZIATKOBO € TMiATBeppKeHHsM edektiBHOI nil 1mBuako3araptoBaHoro cruiaBy AIMnCrVZrCuMgW sk
3MiLHIOBaJIbHOT (pazu. MeTanononiMepHuii KOMIO3UT 13 €)eKTUBHUM BMicTOM HaroBHIOBada 20 mac.% Moxe
OyTH pPEKOMEHJOBAHWH [UIi BUTOTOBJICHHS JeTajeld KOHCTPYKLIHHOTO (3aXMCT [IHHMIN >KAaTOK, KOPILYCH
MiIWIHAKIB, YUCTUKH) Ta TPUOOTEXHIYHOTO (IiAIMIMIHWKKA KOB3aHHS, IIECTEPHI) NPU3HAYCHHS €JICMEHTIB
MallMH 1 MeXaHi3MiB Cyd4acHOi TexHikH. BukopucranHs Takux MarepianiB 3a0e3NeYuTh MiJABHIIECHHS
JIOBTOBIYHOCTI Ha HaIITHOCTI TPHOOJIOTIYHUX 3’ € JHAHb MAIIIMH 1 MEXaHI3MiB TEXHIKH, IO 3a3HAIOTh IHTCHCUBHOTO
3HOUIYBaHHS Iijl 9ac eKCIuTyaTarii.

Kio4yoBi cjoBa: HaJIBHCOKOMONEKYNISPHUIH IOJETHIICH, IIBHAKO3arapTOBAaHUHM CIUIAaB, ITOKa3HHUK
abpa3uBHOTO CTHPAHHS, IHTEHCUBHICTS JIIHITHOTO 3HOITYBaHHS.



